that the EoS parameter ω (defined as p/ρ) must obey the condition ω < −1/3, while, from an observational point of view, it is a difficult task to constrain its exact value [1] [2] [3] [4] . The largest amount of the total cosmic energy density ρ tot is contained in the dark sectors, i.e. Dark Energy (DE) and Dark Matter (DM) which represent, respectively, about 70% and 25% of total energy density of the present day universe [5] while the ordinary baryonic matter we can observe with scientific instruments contributes for only the 5% of ρ tot . Moreover, radiation contributes to the total cosmic energy density in a practically negligibly way. Usually, DE models are based on the scalar fields minimally coupled to gravity, as well as a possible coupling of the field to a background fluid (dark matter). Also, a possible coupling between the scalar field and the Ricci scalar is not to be excluded in the context of generalized Einstein gravity theories. For example, a quintessence field coupled to gravity and called "extended quintessence" was proposed in [4, 5] . K-essence models non-minimally coupled to gravity were studied in [6, 7] . It is also important to note that the first application of the non-minimal coupling to inflationary cosmology was done in literature [8] .
Several different candidates have been studied in order to try to explain the DE nature, some of them include tachyon, quintessence, k-essence, quintom, Chaplygin gas, Agegraphic DE (ADE) and phantom [9] [10] [11] [13] [14] [15] (see [16, 17] for recent works on DE models).
Recently, a new kind of dark energy model, so called QCD ghost dark energy (GDE) model has been proposed [18] . This model, although is un-physical in the usual Minkoski space-time, express important physical effects in dynamical space-time or space-time with non-trivial topology. Actually, introducers of this dark energy model, claim the vacuum energy of Veneziano ghost flied in effective quantum field theory at low energy, is related to density of dark energy which is used for explaining the positive accelerating expansion of the universe [19, 20] . They have shown that in a curved space time, the ghost field gives rise to a vacuum energy density HΛ 3 QCD of the right magnitude ∼ (10 −3 eV ) 4 , where H is the Hubble parameter and Λ 3 is QCD mass scale [21] [22] [23] [24] [25] . In [26] , the author discussed that the contribution of the Veneziano QCD ghost field to the vacuum energy is not exactly of order H and a subleading term H 2 appears due to the fact that the vacuum expectation value of the energy-momentum tensor is conserved in isolation [27] . This term can also lead to a better agreement with observations [28, 29] . Most discussions on dark energy rely on the assumption that it evolves independently of dark matter. Given the unknown nature of both dark energy and dark matter there is nothing in principle against their mutual interaction and it seems very special that these two major components in the universe are entirely independent.
Indeed, this possibility has received a lot of attention recently (see [17] [18] [19] [20] and references therein).
In particular, it has been shown that the coupling can alleviate the coincidence problem [21] . Thermodynamic description of the Einstein equations is pointed out by Jacobson [30] . In order to generalize the Jacobson's results to the cosmological setup, we need to find a causal boundary for a spatially homogeneous FRW spacetime. In fact, it was argued that apparent horizon can be considered as a causal boundary for dynamical spacetimes [31] [32] [33] . In refs. [34, 35] , the apparent horizon of the marginally trapped surface located is defined as r A = 1 √ H 2 +k/a 2 . It was shown that the apparent horizon can be considered as a causal boundary for a spatially homogeneous FRW spacetime associated with gravitational entropy and surface gravity, and makes the establishment of the first law of thermodynamics [36] [37] [38] [39] [40] . The tendency of the universe to rise its entropy can be interpret as an origin for the gravity and thus the Einstein equations [41] . Therefore, the tendency of the cosmos, as a closed system, to increase its entropy is compatible with the current accelerated phase of the expansion. It was shown that for an accelerating universe the apparent horizon is a physical boundary from the thermodynamical point of view [42] . In particular, it was argued that for an accelerating universe inside the event horizon the generalized second law does not satisfy, while the accelerating universe enveloped by the apparent horizon satisfies the generalized second law of thermodynamics [43, 44] . Therefore, the event horizon in an accelerating universe might not be a physical boundary from the thermodynamical point of view. Das et al. [45] showed that logarithmic corrections to the equilibrium thermodynamic entropy arise in all thermodynamic systems when stable fluctuations around equilibrium are taken into account and that, in particular, it leads to logarithmic corrections to the Bekenstein-Hawking formula for black hole entropy.
A Bianchi type I model, being the straightforward generalization of the flat FRW model, is one of the simplest models of the anisotropic universe that describes a homogeneous and spatially flat universe. For studying the possible effects of anisotropy in the early universe based on the present day observations many researchers [46] [47] [48] have investigated Bianchi type I models from different point of view. Recently, [49] have shown the importance of BI model to discuss the effects of anisotropy on the basis of recent evidences. Fayaz et al. [50] discussed generalized ghost dark energy for anisotropic cosmological models in Brans-Dicke theory. Hossienkhani et al. [51] investigated accelerating of the universe for Bianchi models in f (R, T ). We will study thermodynamics of the GDE and GGDE models when the interaction with DM is considered. We derive thermodynamic interpretations for such interactions in an anisotropic universe.
The paper is organized as follows. In the next section, we present the GDE scenario in the presence/absence of interaction between DE and DM in the BI universe and study its thermodynamics.
We investigate the thermodynamics of the non-interacting GGDE in BI universe in Sect. III. In Sect. IV, we provide a thermodynamical interpretation for the GGDE interacting with DM. In Sect. V, we shall summarize the procedure constructed to study the thermodynamic properties of the apparent horizon through the non-interacting GGDE of a BI universe. The last section is devoted to summary and conclusions.
II. METRIC AND GHOST DARK ENERGY MODEL IN BI UNIVERSE
Let us first review the ghost dark energy model in flat Bianchi type I (BI) universe. Now, we intend to categorize our study into two types of the gas, i.e. noninteracting and interacting gas.
A. Thermodynamical description of the noninteracting GDE
The line element in our model is given by a Bianchi type I metric as
where A(t), B(t) and C(t) are functions of cosmic time only. The contribution of the interaction with the matter fields is given by the energy momentum tensor which, is this case, is defined as
where ρ and ω represent the energy density and EoS parameter respectively. Einstein's field equations for BI metric given in (1) lead to the following system of equations [52] :
where M 2 p = 1/(8πG), ρ Λ and p Λ are the Planck mass, the energy density and pressure of dark energy, respectively, and a = (ABC) 1 3 is the scale factor, and
is the shear tensor, which describes the rate of distortion of the matter flow, and θ = 3H = u j ;j is the scalar expansion, where u j is 4-velocity. In a co-moving coordinate system, i.e. (u i = δ i 0 ). Note that the model is considered to pressureless DM (p m = 0).
We investigate the GDE model in the framework of Einstein gravity. The GDE density is given by [18, 53] 
where α is a constant with dimension [energy] 3 , and roughly of order of Λ 3 QCD where Λ QCD ∼ 100M eV . Using (3), the dimensionless density parameter can also be defined as usual
where the critical energy density is ρ cr = 3M 2 p H 2 . Thus, the Bianchi equation can be rewritten as
Through this section we consider GDE in the absence of the interaction term, thus DE and DM evolves independent of each other and hence they satisfy the following conservation equationṡ
Here p Λ = ρ Λ ω 0 Λ where ω 0 Λ is the equation of state parameter of the non-interacting GDE, and superscript (0) is used to remember that the GDE does not interact with DM. Taking the time derivative of relation (6) and using the BI equation we finḋ
where r = ρ m /ρ Λ is the energy density ratio. Inserting this relation in continuity equation (6) we
Substitutingρ Λ into Eq. (6), after some simplifications, we find the EoS parameter of the GDE as
Using Eq. (13) and definition Ω Λ in (8) we obtaiṅ
Taking the time derivative of Ω Λ in Eq. (8), we finḋ 
This is the equation of motion governing the evolution of GDE. Since the apparent horizon is the causal boundary of the BI spacetime, we write the first law of thermodynamics on the apparent horizon in order to find an expression for the entropy of the GDE as
In this equation, S Λ is the entropy associated to the GDE while V = 4π/3r 3 A and E Λ = ρ Λ V are, respectively, the volume of the flat BI universe and the total energy of the GDE. Note that in flat BI universe the apparent horizon radius is indeed the Hubble radius, r A = 1/H . The temperature T of the GDE which will be equal to the temperature of the apparent horizon when thermodynamic equilibrium is supposed, and therefore we have
Therefore, for the volume and the total energy we have
Differentiating relations (21) and (22) and substituting the results into (19), we get
where we have used p Λ = ρ Λ ω 0 Λ . Combining (23) with (15), we obtain
for the ghost DE entropy when it is not coupled to DM. (A zero superscript or subscript indicates absence of interaction).
B. Thermodynamical description of the interacting GDE
We further assume the DE interact with DM. The recent observational evidence provided by the galaxy clusters also supports the interaction between dark energy and dark matter [54] [55] [56] [57] [58] . In the presence of interaction, the continuity equations arė where Q represents the interaction term and we take it as
with b 2 being a coupling constant. It should be noted that the ideal interaction term must be motivated from the theory of quantum gravity. In the absence of such a theory, we rely on pure dimensional basis for choosing an interaction Q. In the present work for the sake of generality, we choose the third expression for the interaction term. Inserting Eqs. (13) and (27) in Eq. (25) and
One can easily check that in the late time where Ω Λ → 1 and Ω σ → 0, the equation of state parameter of interacting ghost dark energy necessary crosses the phantom line, namely, ω Λ = −(1 + 2b 2 ) < −1 independent of the value of coupling constant b 2 . Inserting (6) and (10) into the (27), we find
which yields
The evolution behavior of the ghost dark energy is now given by
The evolution of Ω Λ and ω Λ are shown in Fig. 1 that the EoS parameter decrease with the scale factor increase and it crosses the phantom divide and the dark sectors mutual interaction, we express the entropy of the interacting GDE model as
In the above equation, S 0 Λ and S 1 Λ are the entropy of GDE, when there is no mutual interaction between the dark sectors of the universe, and logarithmic correction to the entropy, which is due to the thermal fluctuations, respectively. S 2 Λ also concerns higher order terms which are so week in the gravitational and cosmological systems [45] . We should note that since the S 0 Λ and S 1 Λ terms have the major contributions in the expression (32), one can withdraw the S 2 Λ contribution, and
∂T is the dimensionless heat capacity, and it is also useful to mention again that this analysis is valid for all thermodynamical systems [45] . It is a matter of calculation to show that
which is positive since for ghost DE one has 
Using (23), (30) and (32) can be expressed in terms of interaction term as
where 
Finally, inserting r A = 1/H and r 0 A = 1/H 0 , (35) takes the form
which is an expression for the interaction between the GDE and DM components of the BI universe.
In order to solve the coincidence problem, DE should decay into the DM sector meaning that Q > 0 [40] . Therefore, the permissible thermal fluctuations are those leading to Q > 0 and vice versa. The latter means that, when the mutual interaction between the dark sectors meets the Q > 0 condition, then it leaves a physically acceptable fluctuation into the system. Since we have considered interactions in the Q = 3b 2 H(ρ m + ρ Λ ) form, the Q > 0 condition leads to b 2 > 0. In order to investigate the validity of this criterion, we use Eq. (28) 2b
Because the LHS of this equation is positive and 0 < Ω Λ < 1 and Ω σ ≃ 0.001 for present time, ω Λ should meet the ω Λ < 0 condition. Loosely speaking, when the state parameter of DE meets the ω Λ < 0 condition, its mutual interaction with DM may lead to solve the coincidence problem and induces thermal fluctuations into the system in accordance with (38) . In this way we provide a relation between the dark components interaction and the thermal fluctuations around the equilibrium state.
III. THERMODYNAMICAL DESCRIPTION OF THE NONINTERACTING GGDE IN BI
Here, we consider the flat FRW universe filled by the GGDE and the DM whereas the dark sectors do not interact with each other. Therefore, the generalized ghost energy density may be written as [28] 
where β is a constant. In the original GDE (β = 0) with Λ QCD ∼ 100M eV and H ∼ 10 −33 eV , Λ 3 QCD H gives the right order of magnitude ∼ (3 × 10 3 eV ) 4 for the observed DE density [18] . In the GGDE, β is a free parameter and can be adjusted for better agreement with observations. In addition, for the dimensionless density parameter of the GGDE we obtain
Combining relations (13) andρ Λ =Ḣ(α + 2βH) with non-interacting continuity equation (11), we
Solving the above equation for ω Λ and noticing that r = Ω m /Ω Λ , we find
where ξ = β/(3M 2 p ). Setting ξ = 0, ω Λ reduces to the respective relation in the absence of interaction obtained in (15) . When ξ = σ = 0 the result recovers those in [29] for original GDE.
We can also study the evolution behavior of the GGDE. For this, differentiating Eq. (41) with respect to time and using Eqs. (11), (16) and (40) and relationΩ Λ = HΩ ′ Λ , we obtain
In order to find the entropy changes of the GGDE, we assume that the first law of thermodynamics is available on the apparent horizon, where the pressure of the GGDE is
and following the recipe of Sect. IIA, we reach
Again, the subscript/superscript (0) indicates that the GGDE and the DM do not interact with each other.
IV. THERMODYNAMICAL DESCRIPTION OF THE INTERACTING GGDE IN BI
In the previous section, the evolution of the DE and DM components were discussed separately.
Here we extend the study to the interacting case, seeking new features of GGDE. Inserting Eqs.
(27) and relationρ Λ =Ḣ(α + 2βH) in (25) and using 1 + r = (1 − Ω σ )/Ω Λ we find Now, since Q = 3b 2 Hρ Λ (1 + r) we get
Replacing this relation into (47) one obtains
It is obvious that, the results of sections III and IIB are available in the Q → 0 and β → 0 limits respectively. Using relation (40) as well as (47), it is a matter of calculation to show
For a better insight we have plotted Ω Λ and ω Λ against a for differnt b 2 in Fig. 2 . It worth mentioning that at the late time where a ≫ and Ω σ → 0 the effective EoS parameter approaches less than −1, i.e. ω Λ < −1, which reminds a super acceleration for the universe in the future.
Substituting Eq. (46) into (33) 
Therefore, for the logarithmic correction of entropy due to the thermal fluctuation we reach
Considering the first law of thermodynamics and using (49), we get 
and
Finally, we get
Again, r 0 A is the radius of the apparent horizon when the GGDE does not interact with the DM and therefore, there is no thermal fluctuations around the equilibrium state of the universe. In addition, r A is the radius of the universe accelerated by an interacting GGDE. In order to alleviate the coincidence problem we should have b 2 > 0. From (47) we get
Since the LHS of this equation is negative, we should have
condition for ω Λ . Therefore, when the equation of state parameter of DE meets the
condition, DE decays into DM in agreement with the solving of the coincidence problem leading to leave thermal fluctuations in the system. Finally, we should note that the (56) is indeed, a relation between the interaction and the thermodynamic fluctuations.
V. THERMODYNAMICS BEHAVIOR OF NON-INTERACTING GGDE AT APPARENT HORIZON OF BI UNIVERSE
It is interesting to note that Friedmann equations, in Einstein's gravity, can be derived by applying the Clausius relation to the apparent horizon of FRW universe, in which entropy is assumed to be proportional to its horizon area, S = A/4G [59] . However, this definition for entropy can be modified from the inclusion of quantum effects, motivated from the loop quantum gravity (LQG). The corrected entropy takes the form [60] ). Taking differential form of the relation
3 r 3 A for the energy inside the apparent horizon, we get
Using the continuity equation (11), we obtain
Taking differential form of the corrected entropy (58), we have
Inserting Eqs. (60) and (61) in the first law of thermodynamics on the apparent horizon dE Λ = T dS Λ + W Λ dV and using the relation between temperature and surface gravity, we can geṫ
Substituting Eqs. (40), (43) into (62), we find the expression forṙ Ȧ r A = 4πGH 2 r 3 A (α + βH)
One can see from the above equation that
> 0 provided the derivative of apparent horizon radius,ṙ A > 0. It is important to note that the expression in the bracket of (63) is positive at the present time, i.e., 1 −
At the early time where r A → 0 the generalized second law of thermodynamics may be violated but in that case the local equilibrium hypothesis is failed too. Besides, from the physical point of view, the effect of the correction terms on the entropy should be less than uncorrected term. Thus, the second and third terms on the right hand side of Eqs. (58) and (61) should be much smaller than the first term, otherwise these terms cannot be regarded as the correction terms. Let us now turn to find out TṠ Λ :
After some simplification and using Eq. (63) we obtain A is the apparent horizon area. Using the fact that in flat Bi universe we havė r A = −Ḣ/H and the deceleration parameter q = −1 −Ḣ/H 2 , Eq. (65) can be written as
For an accelerating universe we have q < 0, and hence the right hand side of the above equation cannot be negative throughout the history of the universe, which means thatṠ Λ > 0 always holds.
VI. CONCLUSION
Along the paper, the Bianchi type-I metric with GDE and GGDE scenario have been studied.
We have investigated thermodynamic of GDE in the flat BI universe, and can be written directly in the form of the first law of thermodynamics, dE = T dS + ρdV , at the apparent horizon.
We obtained an expression for the equation of state parameter of the interacting GDE, as well as an expression for its entropy changes. We have disclosed the deep connection between the thermodynamics and GGDE by the apparent horizon. In continue, we got an expression for the equation of state parameter of the interacting GGDE as well as a relation between the thermal fluctuations and the mutual interaction of the GGDE and the pressureless DM. The corresponding limitations on the state parameter were derived for both of the GDE and GGDE models. Concisely, we think our survey shows that the interaction between the dark sectors of the universe can be considered as the cause of the thermal fluctuations and thus, the logarithmic correction to the entropy of the GDE and GGDE models. In the following, applying the first law of thermodynamics, dE Λ = T dS Λ +W Λ dV , to apparent horizon of a BI universe and assuming that the apparent horizon has temperature T = A , we are able to derive BI equations governing the dynamical evolution of the universe. We have also investigated the validity of the generalized second law of thermodynamics for the BI universe.
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